Abstract
Introduction and objectives

46
Plantations of Angiosperm trees for high quality timber production (commonly named 47 a close river did not affect to the same extent the study area. taken to obtain the same temperature upstream and downstream.
137
The measurements were simultaneously conducted during seven days at 1.3 m height
138
and at the east aspect of the trunk in two close trees with similar diameter but different 139 irrigation treatment (drip irrigated versus non-irrigated trees). Seven days after the two
140
CHPM sensors were moved to other two trees and this was repeated seven times,
141
resulting in a total of 14 trees sampled and a sampling period of 49 days (Table 1) .
142
Irrigation treatment consisted of four emitters per tree (16 l h -1 tree -1 ) located at 25 and 143 50 cm at north and south sides from trunk. Daily doses were estimated at the beginning 144 of each week as the 60 % of the ET 0 for the previous week, and irrigation was not 145 applied when ET 0 was lower than rainfall. Total irrigation per tree ranged from 8 to 125 146 l day -1 when applied.
for the study specie, we adopted the results of Barret et al. (1995) confirmed by density was estimated from corrected heat pulse velocity following Barrett et al. (1995) .
153
Once the seven days-period of CHPM measurements finalized in each couple of trees,
154
we proceeded to core the measured trees. Seven different methods were used to 155 determine the limit between sapwood and heartwood: (1) to induced soil water stress on azimuthal variation, drip irrigation was stopped from
202
July on (Figure 1 ).
203
The heat pulse velocity was corrected for the effects induced by probe misalignment for one couple of trees where the radial profile was very similar between the irrigated 220 tree and the non irrigated one (trees 5 and 6, data not shown) (similar to the radial profile from tree 9). The differences in sap flux density were not constant along the 222 radial profile, and differed among trees. The highest mean difference among irrigated 223 and non irrigated trees was found in the most inner measurement at 3 cm from 224 cambium.
225
The results of expressing sap flux density as relative to the expected maximum (ratio 226 over the measurement at 1 cm from cambium) are presented in Figure 3 . The radial was very similar between the non-irrigated and the irrigated trees, from 2.9 to 3.6 and 240 from 2.8 to 4.3 cm respectively (see Table 1 ).
241
The unexpected, high difference found in the outermost measurements between the and from 171.9 to 302.7 kg m -3 respectively. Radial variation of basic density of wood 258 and volumetric water content was different depending on tree, but a systematic decrease 259 with depth was found for volumetric water content in the irrigated trees ( Figure 5 ).
260
However, this pattern was not consistent enough to distinguish between sapwood and 261 heartwood, and consequently this method was considered not useful to determine the 262 limit between these two tissues in cherry trees.
263
The results for the rest of methods are presented in Table 3 . For the VD m , three regions the sapwood depth, we assumed that the limit between sapwood and heartwood was 273 located in the most inner part of the last coloured band found.
274
Paired t-student tests used to compare the methods in Table 3 Diurnal courses of sap flux densities followed a bell-shaped pattern in all the studied 291 aspects during both periods, with and without irrigation. The coefficient of variation of the measurements at two sapwood depths), was higher in the period without 294 irrigation and ranged from 11 to 75 and from 27 to 81 % per tree respectively.
295
The azimuthal variation of sap flux density for each tree, i.e. the ranking between the 296 aspects for each tree, was expressed as the relative differences over the mean as follow: was the highest at this aspect for tree 18 (50±7 %). In contrast, tree 19 showed very 303 similar values in all the studied aspects (around 0 %) (Figure 7 , left).
304
The soil water deficit induced by stopping irrigation produced a mean general decrease Cumulative tree sap flux calculations were made for each of the four aspects 313 considering sap flux density in each of them as representative of all the sapwood area.
314
As a way to determine which aspect was most representative of the overall cumulative 315 tree sap flux, these calculations were expressed as a percentage of the mean of the four , 1996) . In this study we 329 simultaneously measured drip irrigated and non-irrigated ones, during the dry season
330
(from July to September). We found that irrigated trees showed higher sap flux densities 331 than the non-irrigated ones, but differences were not constant along the xylem radius, 332 with mean differences of 2.5, 2.6 and 5.4 times higher for distances of 1.2, 2.1 and 3.2 333 cm from bark, respectively. These differences were consequence of a different decrease 334 of sap flux density with sapwood depth related to tree size, with similar patterns for the 335 non irrigated trees and the smaller irrigated ones (7 trees and 4 trees respectively) and a 336 contrasted pattern for the bigger irrigated ones (3 trees) (Figure 3 ).
337
The decreasing of sap flux density with sapwood depth is frequently found in literature
338
(e.g., Ford et al., 2004; Cohen et al., 2008) and functions such as the Weibull or the In our study, the outer thermocouples, placed at 0.5 cm from cambium, were discarded 344 because of their inconsistent behaviors (Figure 4) 
378
This supports that, though xylem is viable for both type of trees, irrigation seems to 
Sapwood determination and heartwood formation 383
Our results have shown that several methods, which have been used for delimiting 384 sapwood depth in other species (methyl orange, lugol, and radial variation of xylem 385 density and xylem water content), were not suitable for delimiting the sapwood depth in
386
Prunus avium and thus these methods are not recommended for scaling purposes for 387 this species. In this sense, Čermák and Nadezhdina (1998) found that the radial 388 variation of xylem water content was useful to delimit the sapwood depth for some avium (García-Esteban et al., 2003) . In this sense, the results of Boumghar (2012) when 417 using dye to differentiate between sapwood and heartwood showed that all the sapwood 418 was coloured in the studied ring porous species so this discontinuous pattern was not 419 found. We thus hypothesize that an artifact could be introduced with the dye injection 420 method and thus complementary anatomical studies are needed in this species.
421
On the other hand, heartwood formation was affected by irrigation for tree diameters water deficit period, with a mean increase of about 30 % respect to the irrigation period.
443
In contrast, the ranking between the aspects for each tree was quite constant between the 444 periods, pointing to a relevant weight in the azimuthal pattern of the individual 445 structural conditions in each tree.
446
Azimuthal variability in sap flux density can be larger than the radial variability (e.g.,
447
Shinohara et al., 2013) . However, this variability has been found less predictable,
448
because it can be explained by differences on tree exposure to sun (Granier, 1987) , soil Figure 1 . Mean sap flux density (1 data every hour) of two sampled trees in the 597 azimuthal experiment (see Table 2 for details). Table 1 . Note that all the studied trees were not shown 603 because they behaved in a similar manner that the ones presented Table   607 1. 
